We continue the presentation of new orbits for Hipparcos binaries determined from regular speckle interferometric observations. Most of the data were collected in the period between 1998.77 and 2004.82 using the 6 m BTA telescope of the Special Astrophysical Observatory in Zelenchuk. New orbits are presented for six pairs: HIP 4809, HIP 4849, HIP 5531, HIP 19206, HIP 105947, and HIP 114922. One of the pairs, HIP 114922, has M dwarf components orbiting with a period of 19.72 yr. Two binaries, HIP 4809 and HIP 5531, have luminosity class IV components. The periods of the orbits range from 7.30 yr to 28.99 yr. All of the orbits can be considered definitive; however, the total mass error for the systems remains high, mainly due to Hipparcos parallax error.
Introduction
This is the second in a series of publications presenting the orbits of new binary stars discovered during the Hipparcos mission (ESA 1997) . Over 500 measurements of 180 new Hipparcos pairs were made between 1998.77 and 2004.82 with the speckle interferometer at the 6 m BTA telescope of the Special Astrophysical Observatory in Zelenchuk, Russia. The study focused primarily on nearby pairs of spectral types from late F to M. The relative astrometry for our volumelimited sample of Hipparcos binary stars is given in the first papers of this series (Balega et al. 2002 , 2005 . A fraction of these systems display clear Keplerian motion of more than 20−30
• /yr in position angle θ and/or 10−20 mas/yr in separation ρ. Due to the high precision of speckle observations, typically 0.5
• in θ and 1.5 mas in ρ, the data are sufficient for calculating first orbits for about 20 such systems. In addition to the relative positions, the obtained magnitude differences become important clues for deriving the physical properties of the components.
In the preceding paper , hereafter Paper IV), 6 orbits were given for G to M type Hipparcos pairs at distances of 15 to 66 pc from the Sun. In this new paper, we report the results for 6 additional binaries of similar spectral types and distances. To derive the orbits, we used the already published speckle observations, supplemented with new Based on observations made with the 6-m BTA telescope, which is operated by the Special Astrophysical Observatory, Russia.
Appendices A and B are only available in electronic form at http://www.edpsciences.org measurements from the 6 m BTA telescope. For each pair, the data set consists of 9 to 15 independent measurements, including the first Hipparcos discovery.
Observations and binary star orbits
Our observational technique is described in Paper I of this series. Both the visual and infrared data from the 6 m telescope were used to define the orbits. The visual data were processed using the software developed at the Special Astrophysical Observatory, while the diffraction-limited image reconstructions in the infrared were performed at the Max-Planck-Institut fuer Radioastronomie in Bonn. Our speckle interferometric measurements made between 2001 and 2004 have not yet been published and are given here for those pairs under study for the first time.
The orbital elements were estimated using the Monet (1977) method, together with the differential correction of preliminary elements. All of the BTA observations were given unit weights. Horch et al. (1999 Horch et al. ( , 2002 and Mason et al. (1999 Mason et al. ( , 2001 ) measurements were taken with the weights 0.6 and 0.5, respectively, following the aperture ratio of the telescopes, namely, 6:3,5 and 6:2,5. The Hipparcos relative positions for the epoch 1991.25 were given 0.5 weights; however, in two cases, HIP 5531 and 114922, the Hipparcos astrometric data were rejected because of large errors. The position angles θ were reduced to a common equinox 2000.0.
The results of our orbit calculations are presented in Table 1 , where the first column gives the HIP number of the object, and the subsequent columns list, respectively, the period P (in years), periastron passage T , eccentricity e, semimajor axis a of the true orbit (in milliarcseconds), orbit inclination i (in degrees), position angle of the node Ω (in degrees, refers to the epoch 2000.0), and the longitude of periastron ω (in degrees), together with their formal errors. The last two columns give the rms deviation of θ and ρ measurements from a solution that excludes the high-residual observations mentioned in the next section. Following the Worley & Heintz (1983) grading scheme (orbital coverage, separation residuals, no large gaps in position angle measurements), the presented orbits can be evaluated as grade 2, "good" (most of a revolution, well-observed, and with sufficient curvature of the motion) or grade 3, "reliable" (at least half of the orbit well defined). The orbits of HIP 105947 and HIP 114922 are the best of these 6 systems, while the HIP 4849 orbit shows the largest deviations. Tables A.1 to A.6 of the Appendix A summarize the speckle observations and the residuals of position angles θ and separations ρ from the determined orbital elements. The first observations were taken from the Hipparcos Catalogue (ESA 1997) .
The projection of the new set of orbits on the plane of the sky is presented in Fig. 1 , in which our speckle measurements are plotted as filled circles, while other speckle measurements are shown as open circles. The Hipparcos 1991.25 discoveries are indicated by triangles.
In the late 1990's, optical and infrared speckle interferometry became an effective technique for measuring accurate brightness ratios for binary and multiple stars. We decided to include the existing magnitude difference measurements for our six systems in this paper. Table B .1 of Appendix B lists 30 ∆m values obtained with the 6 m BTA telescope, together with 14 measurements appearing in the literature. The six 1991.25 measurements are the Hipparcos first observations (H p filter, λ/∆λ = 476/210 nm). Not one of the objects is noted as potentially variable in the Hipparcos Catalogue. Table 2 lists the derived basic physical properties and the main orbital parameters of the observed systems, including the 6 new Hipparcos binaries from Paper IV. For convenience, we have included the Hipparcos parallaxes and their standard deviations in Cols. 2 and 3 of the table. Column 4 gives the absolute magnitudes for the components derived from the mean speckle interferometric magnitude differences, total V magnitudes of the systems from the SIMBAD database, and π hp . For these nearby stars, we assumed no absorption (A V = 0). Column 5 presents the corresponding spectral types for the luminosity class V stars. The exceptions are HIP 4809 and 5531, which have luminosity class IV components. For them, the spectral types were inferred from their color indices. Columns 6 to 10 give the periods of the systems in years, semi-major axes in AU, total masses from Kepler's third law, and standard deviations of the total masses found as Table 2 . Main parameters of the orbits, properties of the components, and total masses for 12 new Hipparcos binaries. Six pairs with new orbits from Paper IV are also included. The last column in the table presents the total mass error in percent. Note that the semi-major axes of the orbits lie in the narrow range between 3.7 and 9.8 AU, which indicates the area of efficiency of speckle interferometry for the study of a nearby sample of Hipparcos binaries. Table 2 with the Hipparcos parallax relative error (σ π /π) hp leads to the conclusion that the masssum error is linearly increasing with (σ π /π) hp :
Hence, with more precise parallaxes in the future (one may envision the GAIA astrometric mission), the quality of our orbits will be sufficient for deriving masses with an accuracy of about 5%. Figure 2 shows the location of the components of 12 binaries from Paper IV and the present study on the M/L diagram. To derive the mass ratios q for all but two systems, we used the empirical mass-luminosity relation for main-sequence dwarfs from Henry & McCarthy (1993) , which is plotted as a dashed line in the figure. In the cases of HIP 5531 and 19206, we used the q values from spectroscopic surveys (Nordström et al. 2004 ). The pairs with small magnitude differences are marked by filled circles, and those with ∆m > 1 mag are plotted as stars. The larger filled circles represent the evolved components of HIP 4809 and 5531.
The components of several binaries (HIP 19206, 14230, 4849, 111685) are noticeably deviant from the M/L fits towards smaller masses. Note that all of them belong to systems with ∆m > 1 mag. The difference between the locus of the M/L relation and our results can be explained by the different evolutionary stages and metallicities of the stars. However, because of the limited size of the sample, the effects of age and metallicity were not considered. The most probable reasons for the deviations are the mass-sum errors. A small change in the parallax value can shift the obtained mass sums towards the main region of the empirical M/L diagram. For example, a π hp reduction from 24 mas to 22 mas will put the componets of HIP 19206 exactly on the M/L curve; the same is true if one takes π = 27 mas in place of π hp = 30 mas for HIP 14230.
In Fig. 2 , the mass-sum error bars for the binaries in the upper part of the diagram are significantly wider than for the low-mass pairs. This difference is explained by a smaller relative error of parallaxes for the nearby low-mass dwarfs.
For two systems from Paper IV, HIP 14669 and 106972, we obtained significantly larger dynamical parallaxes π dn compared to the Hipparcos parallaxes, correspondingly, π dn = 69.86 mas instead of π hp = 64.83 mas and π dn = 44.85 mas instead of π hp = 39.78. Both of these systems have faint M-type components. Dynamical parallaxes for other pairs agree well with the Hipparcos parallaxes, giving a difference of 1−2 mas.
Comments on individual systems

HIP 4809 = HD 6009
The mean ∆m value from speckle and Hipparcos measurements, collected in Table B .1, is 0.14 mag in the V-band with a standard error of 0.03 mag. Here we supposed that ∆m does not change significantly in the range λ545−800 nm. The only measurement in the K-band within the error gives the same value. With this magnitude difference in hand, we used the Hipparcos parallax value π hp = 13.94 ± 0.90 mas and V = 6.71 from the SIMBAD database to obtain absolute magnitudes for the components M A = 3.1 and M B = 3.3. Together with the color (B − V) = 0.783 ± 0.007 given in the Hipparcos catalog, this corresponds to G6−G9 type subgiant stars. This estimate agrees with the luminosity class given by Yoss (1961) from his analysis of the strength of the λ4077 ionized strontium line based on the prism spectra from the Curtis Schmidt telescope of the University of Michigan and slit spectrograms from the 60 inch reflector of the Mt. Wilson Observatory. The luminosity class IV for the components is also supported by the moderate cyanogen absorption at λ4216.
The orbit was defined from 16 astrometric measurements, including the first resolution by Hipparcos, one observation by Mason et al. (2001) with the 2.1 m telescope of the McDonald Observatory (0.06 resolution limitation), two observations by Horch et al. (2002) with the 3.5 m WIYN telescope at Kitt Peak, and 12 observations with the 6 m BTA telescope. To obtain a consistent orbit, we had to adjust the quadrants of θ measurements from the 2.1 m and the 3.5 m telescopes. The quadrant of the first Hipparcos is also inconsistent with the majority of further speckle observations, which can be explained by the low value of the magnitude difference and the largerthan-typical error on the Hipparcos ∆H p magnitude. The mean value of residuals for the BTA speckle measurements is 0.4 mas in ρ and 0.5
• in θ. However, despite small residuals of the measurements, the total mass error for the system is 20%, which is explained by the overwhelming input of the π hp error.
HIP 4849 = HD 6101 = GJ 3071
The total proper motion of this nearby system, listed in the Lowell Observatory survey as G 1-43, is µ = 0.41 /yr (Giclas et al. 1961) . Based on these data, Sandage & Kowal (1986) included GJ 3071 in the list of possible new nearby subdwarfs. However, it was found that the measured U−B = +0.86 for G 1-43 at the given B − V = +1.01 color does not deviate from the corresponding Hyades U −B value, and, consequently, the star cannot be a subdwarf. In his compilation survey for stars that may be within 25 pc of the sun, Halliwell (1979) first mentioned the discordant photometric and trigonometric parallaxes for the star, which could be a sign of its binary nature.
After the first resolution of the system by Hipparcos in 1991.25, eleven speckle measurements covered about 2/3 of the visual orbit. One speckle observation belongs to Mason et al. (2001) , while all others are from the 6 m BTA telescope. With an orbital period of 29 years, this pair has the largest semi-major axis of the visual orbit among the binaries listed in Table 1 .
HIP 5531 = HD 6840
This is a high proper motion star with µ α = 0.25 /yr. The common color index of the system B − V = 0.553 ± 0.005, taken from the SIMBAD database (the Hipparcos measurement), corresponds to a G0 spectral type. Chen et al. (2000) , Lambert & Reddy (2004) , and Nordström et al. (2004) determined its effective temperature from the reddening-corrected b − y, c 1 and m 1 indices in the range log T e = 3.7670 − 3.7679 corresponding to an early G-dwarf. However, the photometric distance determination (π ph = 37 mas) is not in agreement with the Hipparcos parallax π hp = 17, suggesting evolved components. From our mean magnitude difference in Table B .1, ∆m = 0.68, the absolute magnitudes of the stars in the pair are M A = 3.21 and M B = 3.89, respectively. The authors cited above find the metallicity for HIP 5531 in the range of −0.62 ≤ [Fe/H] ≤ −0.44. Given the T e , M V, and [Fe/H] for the star, an age of 7 Gyr is estimated for the main component by interpolation among the evolutionary tracks provided by Girardi et al. (2000) .
Due to good phase coverage of the interferometric orbit, the period and semi-major axis of HIP 5531 are well-defined. Note that 2/3 of its total mass error comes from the Hipparcos parallax error. Recently, HIP 5531 was recognized to be also a SB2 with a mass ratio 0.99±0.02 (Nordström et al. 2004) . With an accuracy of about 10%, the subsequent individual masses of the components are M A = 1.17 M and M B = 1.16 M . The next periastron passage for HIP 5531 will be in the beginning of 2010. To obtain more accurate masses and luminosities for the components, it is worth keeping the binary in the lists of future spectroscopic and interferometric monitorings.
HIP 19206 = HD 26040
Spectral type G0V results from the Eggen (1985) and Nordström et al. (2004) photometry that gives (b − v) = 0.36 and log T e = 3.772. This relates to the main component of the system because the secondary is 1.34 mag fainter, as follows from our Table B.1. For the secondary, our differential photometry leads to M B = 5.5 and spectral type G8V.
The system is also given as SB2 in the Nordström et al. (2004) survey of F and G dwarfs in the Solar neighborhood. The mass ratio q = 0.73 ± 0.11 from this paper fits well with our q = 0.80 arising from the masses of dwarfs of the corresponding spectral types.
HIP 105947 = HD 204236
The distribution of speckle observations along the apparent ellipse is uneven, with most measurements concentrated near the apastron. Therefore, following the criteria of Worley & Heintz (1983) , the orbit must be graded only as "reliable". The Mason et al. (1999) speckle point of 1997.7 falls well outside the apparent ellipse after assigning the right quadrant; hence, it was ignored in the calculations.
HIP 114922 = GJ 893.4
This high proper-motion star is also known as Vyss 860. Absolute magnitudes for the components were calculated with the assumption that ∆m R = 0.2. Apart from the first Hipparcos observation, all other measurements define a reliable ellipse of the visual orbit. Note that two speckle measurements were obtained with the 6 m telescope just at the moment of periastron passage in 1999.8. The Hipparcos parallax of this faint system is given with an accuracy of only 12.2%. As a consequence, the mass-sum is defined with a standard error of 37% (input of the σ π hp error in the muss-sum error exceeds 99%).
Summary
We have presented new speckle measurements of the angular separations ρ and position angles θ of the components of 6 new Hipparcos binaries, and derive new orbits and masses based upon Hipparcos parallaxes and relative speckle astrometry obtained between 1997−2004. For all of the six systems, in Table B .1 we present ∆m measurements from the 6 m telescope in the wavelength range of λ = 545 nm to λ = 2115 nm. For comparison, the Hipparcos ∆V Hp differences and Horch et al. (2004) ∆m measurements are also included. These differential magnitudes allow the absolute magnitudes and spectral types of the components to be determined.
The mass-sum accuracies for the 6 new systems range between 12 and 37%. The dominant source of uncertainty in the overall error budget for the masses remains the parallax in all cases. For example, in the case of HIP 114922, 99% of the total error comes from the π hp error.
Two systems, HIP 4809 and 5531, have evolved components. In addition, HIP 5531 was recently found to be SB2 with a mass ratio of 0.99 (Nordström et al. 2004 ). Because of the even phase coverage of speckle observations and the relatively short orbital period, this pair has the most accurate speckle orbit among the studied systems. Another pair given as SB2 by Nordström et al. (2004) is HIP 19206. The physical parameters of these two binaries can be significantly improved when the spectroscopic orbits become available.
The final result is the obtained location of the components on the "mass-absolute magnitude" diagram. New Hipparcos binaries with orbits from Paper IV of this series are also plotted. Most of the dwarf systems fall close to the empirical relation of Henry & McCarthy (1993) , but with four "outliers" due to large relative mass-sum errors.
About half of the components in Table 2 have masses between 0.20 and 0.50 M . As mentioned by Henry et al. (1999) , this region of the diagram is perhaps more poorly determined than the lower masses. They explain this peculiarity by the large scatter of the empirical data on the plateau in the M/L relation caused by the effects of hydrogen molecules in the atmospheres combined with the deep convective regions. In addition, substantial progress in defining the bottom of the M/L diagram has been made recently because of the special attention given to the study of brown dwarfs and planets in multiple systems. Our observational goal is to define the relative orbits for a few dozen new Hipparcos binaries with an accuracy of semimajor axes better than 1%. New spectroscopic radial velocities and chemical compositions from the 6 m telescope will allow us to improve the orbital elements and the knowledge of the physical properties of the components. 
